The use of synthetic chemicals as herbicides for crop protection is a big threat due to toxicity, non-degradability, and negative impact on environment. Onosma bracteatum leaves and flowers, and Commiphora stocksiana Engl bark ethanolic extracts are evaluated for allelopathic potential against Brassica napus, a model plant. Complete allelopathic tendency was depicted by crude extract of O. bracteatum leaves and partial trend by flower and C. stocksiana extracts. B. napus seed germination efficiency and plant architecture is adversely influenced by the presence of plants extracts. The antioxidative analysis of Brassica plants depicts that extracts in the growth environment produces oxidative stress that eventually increased free radical scavenging activity, total antioxidative potential, and reducing power capability. Though Brassica plants produced phenolics and flavonoids to combat the oxidative stress but at insufficient concentration. Based on the findings, it can be concluded that the plants extracts produce oxidative stress to the seedlings and plants that eventually results in toxicity and allelopathic effect. Furthermore O. bracteatum can be a good candidate for natural herbicide either in form of extracts or the allelopathic compounds isolated from this plant species, which can be used as replacement of expensive and harmful synthetic herbicide.
Introduction
There is an alarming increase in weed distribution as they possess faster colonization and survive under adverse situations (Colautti, Grigorovich, & MacIsaac, 2006; Hamilton et al., 2005) . They are also a major threat to plant species due to their abundance mainly caused by low regulation of
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competing plant species and natural predators (Callaway, DeLuca, & Belliveau, 1999) . Consequently, in the areas under cultivation synthetic herbicides are used due to their affectivity at low concentration and cost (Dayan, Cantrell, & Duke, 2009 ). However, extensive use of synthetic herbicides leads to an increased risk of herbicide resistant weeds (Heap, 2014) and have toxic effect to other plants (Macías, Oliveros-Bastidas, & Marín, 2007) . The indiscriminate use of synthetic herbicides is also hazardous to human and other biological communities (Peres & Moreira, 2007) , environment (Akhtar, Sengupta, & Chowdhury, 2009 ) and even deplete nutrients from soil (Batish et al., 2007) . Therefore an alternate source of natural herbicide apart from biodegradability, affectivity, low contamination (Souza Filho et al., 2006) , and ecofriendly is a glittering option. Medicinal plants can be a promising tool to overcome the problems caused by synthetic herbicides (Gilani et al., 2010) as they possess versatile properties due to presence of bioactive compounds (Fujii, Parvez, Parvez, Ohmae, & Iida, 2003) . In phytotoxicity, phytochemicals affect the growth, development, and functioning of the target specie (Mallik, 2008; Rice, 1984) as cover crop (Mallik, 2008) or the chemical compounds released (Macías, López, Varela, Torres, & Molinillo, 2008; Macías et al., 2001) . Pelargonic acid (Copping & Duke, 2007) , glufosinate (Duke, Dayan, Romagni, & Rimando, 2000) , sorgoleone (Einhellig & Souza, 1992) , and arteether (Bagchi, Jain, & Kumar, 1997) are few examples of herbicides isolated from plant species. The natural herbicides possess numerous advantages i.e. water solubility, less halogenated, ecofriendly, and novel mode of action (Duke et al., 2000; Macías et al., 2008) . These compounds function by interrupting the basic procedures of respiration, enzyme activities, phytohormone level, water availability, mineral relation, permeability of cell wall, and cell division (Cruz-Ortega, Anaya, Hernández-Bautista, & Laguna-Hernández, 1998; Ferreira & Aquila, 2000) . The phytotoxic ability of medicinal plant extract can be easily explored by analyzing the effect on seed germination, growth, and developmental parameters (Duke et al., 2000; Vyvyan, 2002) .
The plants Onosma bracteatum Wall and Commiphora stocksiana Engl are traditionally well known in ayurvedic medicines for medicinal properties. O. bracteatum Wall locally known as Gaozaban is used as an antibacterial (Ahmad et al., 2009) , anti-dandruff (Khan et al., 2013) , and anti-inflammatory agent (Binzet & Akcin, 2012) . It is also effective against respiratory (Kirtikar & Basu, 1999 ) and gastrointestinal problems (Ata, Faiza, & Shabnam, 2011) . C. stocksiana Engl also known as Balsamodendron pubescens Stock and locally known by its gums Guggal famous for its medicinal properties that dates back to its ancient folkloric use. "Guggal" is related with the cure of laryngitis, rheumatism, inflammations, pneumonia, chronic dyspepsia, diarrhea, gum complaints, chronic endometritis, bronchitis, indolent ulcers, tonsillitis, leucorrhea piles, and whooping cough (Ishnava, & Mohan, 2008; Sharma & Kumar, 2012) . The purpose of this study was to evaluate the allelopathic potential of O. bracteatum and C. stocksiana collected from natural habitat. The target plant species (Brassica) is also evaluated for antioxidative response and non-enzymatic antioxidative molecules to define possible mechanism of phytotoxicity by extracts.
Material and methods

Plant materials and extraction procedures
Fresh plant materials of O. bracteatum Wall was collected from Chaman and C. stocksiana Engl of Turbat region Baluchistan, Pakistan during July 2013 and were identified by Division of Plant Protection, Baluchistan Agricultural College, Quetta. The leaves and flowers of O. Bracteatum and the woody part of C. stocksiana were washed with tap water to remove dirt and debris. The plants material was shade dried at room temperature for two weeks and then dried in an incubator at 61°C.
Extraction procedure
Plant materials were cut into small pieces and pulverized in grinder and 100 g was dipped in ethanol (3:1). After three days, the extract was filtered using muslin cloth and Whatmann filter paper. The residue was dipped again in ethanol for additional three days and filtered thereafter. The filtrates were combined and concentrated by rotary evaporator (Rotovapor R 200 Buchi, Flawil Switzerland) at 40°C. The extracts were kept at 4°C until further analysis.
Phytotoxicity assay
The phytotoxic activity of the extracts is evaluated following the method of Attarad, Phull, Zia, Shah, and Haq (2015) , with minor modifications. Brassica napus, a dicotyledonous specie is used as a target specie due to its sensitivity to allelopathic extracts and growth pattern. The extracts were diluted at three concentrations i.e. 10,000, 1,000, and 100 ppm and poured in 28 mm Petri plates containing doubled layered Whatmann filter paper. The plates were placed in draft chamber till the solvent evaporated. Under aseptic conditions, B. napus seeds were sterilized by sodium hypochlorite solution for three min and rinsed with autoclaved distilled water. Twenty seeds were placed in each Petri plate. 2,4-D (2,4 Dichlorophenoxy acetic acid; an auxin homology well-known herbicide) was used as positive control while distilled water was used as negative control. The experiment was performed in triplicate. All the plates were rapped with parafilm to avoid the loss of moisture and kept in dark at room temperature i.e. 25 ± 1°C. Seed germination efficiency was monitored on daily basis until germination prevalence i.e. the emergence of radical by rupturing the seed coat. The germination indices to evaluate the phytotoxic potential are;
(1) Final germination (FG) percentage is calculated as;
where N is the daily increase in the seedling number, D is the number of days from seed placement, and S is the total number of seeds germinated. Fifteen days old plantlets were examined for fresh and dry weight. The percentage seedling weight loss and relative dry weight percent is observed using following formula; Germination percentage depicts the percent germination of a seeds after a specific period of time until it became constant as delayed germination cannot be explained using germination percentage. For this purpose RG and germination index is measured. Seedling weight loss (%Wt. loss) and relative dry weight percent (RDW %) are used to monitor the weight associated parameters.
Phytochemical and biochemical evaluation
The plantlets obtained after phytotoxic assay are analyzed for phytochemical and antioxidant potential to evaluate stress on germinated plantlets.
Sample preparation
The dried powdered plants were suspended in DMSO at 4 mg/ml. After 24 h the suspension was centrifuged at 4,000 rpm for 5 min and the supernatant is used for biochemical and antioxidative response. Total flavonoid content was determined by the aluminum chloride colorimetric method described by Almajano, Carbó, Jiménez, and Gordon (2008) . The absorbance was measured at 450 nm using an Agilent Spectrophotometer (DAD, 8453, Agilent Technologies, Waldbronn Analytical Division, Germany). The contents are determined as Quercetin equivalents (μg QE/mg D.W). Total phenolics were determined according to the method of Astill, Birch, Dacombe, Humphrey, and Martin (2001) . The absorbance was measured at 630 nm. The total phenolic contents are determined as Gallic acid equivalents (μg GAE/mg D.W).
Antioxidant activities of the test samples is calculated using three different methods i.e. DDPHbased free radical scavenging activity, total antioxidant activity, and total reducing power.
The free radical quenching activity of the test samples against 2,2-diphenyl-1-picrylhydrazyl reagent (DPPH) is determined using procedure modified by Fatima et al. (2015) . The absorbance was measured at 515 nm. Percent inhibition is calculated for each sample using formula:
where Abs is the absorbance of DPPH solution with sample and Abc indicates the absorbance of negative control (containing the reagent except the sample).
Ascorbic acid is used as a standard and values above 50% are considered significant.
Total antioxidant activity of extracts is evaluated by method described by Clarke, Heather, Gregory, and Daniel (2013) . The absorbance was measured at 630 nm and Ascorbic acid is used as standard at final concentration of 50 μg/ml. The total antioxidant activity is determined as Ascorbic acid equivalents (μg AAE/mg D.W).
The reduction potential of the extracts is investigated according to the procedure described by Jafri, Saleem, Haq, Ullah, and Mirza (2014). The absorbance was measured at 630 nm and Ascorbic acid is used as standard at final concentration of 100 μg/ml. The reducing power capacity is determined as Ascorbic acid equivalents (μg AAE/mg D.W).
Statistical analysis
All the experiments were conducted in triplicates. For allelopathy assay three Petri plates were seeded with 60 seeds (20 seeds in each) against each concentration. The selection of plants extract concentration for assay was completely randomized. The plant parameters were studied after 15 days of seed germination. Each plant was considered as unit. The data is presented as mean ± standard deviation. The means are further analyzed for least significant difference (LSD) at p ≤ 0.05 after analysis of variance.
Results
Phytotoxic (allelopathic) effect of crude extracts of C. stocksiana and O. bracteatum evaluated against seeds of B. napus depicts complete to partial allelopathic potential (Tables 1 and 2 ). Application of low concentration (100 ppm) of all extracts did not show any significant effect on B. napus seed germination. FG, RG, germination index, fresh weight, relative dry weight percent, and dry weight are found to decrease with increase in concentration of the extracts. While MPFG, percent inhibition and percent weight loss increase with increase in concentration of the extracts (Tables 1  and 2 ). The results are in correspondence to the positive control and constituents followed a similar pattern as that of 2,4-D, in fact few parameters (FG, MPFG, RG, GI, and RDW %) showed much better results than 2,4-D.
The phytochemical and biochemical evaluation of the Brassica plantlets is performed to observe the impact of stress on phytochemical profile. For 2,4-D at 10,000 ppm there were not sufficient plantlets, due to its potent allelopathic capacity, to conduct any of the assay as it completely prevented germination of the target plant species.
The presence of extracts in growth media caused oxidative stress on Brassica plants confirmed by variation in different activities. DPPH-based free radical scavenging activity decreased in plants due
Percent inhibition of the test sample = % scavenging activity = (1 − Abs∕Abc) × 100 to the presence of 2,4-D in the environment. Likewise, extracts also induced oxidative stress at different concentrations making the free radical scavenging activity variable. The samples, however, show no significant DPPH scavenging activity (Figures 1 and 2) . The free radical scavenging activity is linked with TAC and TRP. Variation in TAC and TRP in Brassica plants show that the metabolites in extracts make the plants under stress resulting in increase in these activities. However, the extent of stress makes the activities variable. The highest antioxidant capacity (88.5 μg AAE/mg D.W) is observed for bark extract of C. stocksiana at 1,000 ppm (Figure 1 ) and the flower extract of O. bracteatum at 10,000 ppm i.e. 101.8 μg AAE/mg D.W (Figure 2 ). Highest value of reducing power was observed among the leaf extract of O. bracteatum (148.2 μg AAE/mg D.W) at 1,000 ppm and for C. stocksiana (115.7 μg AAE/mg D.W) at 10,000 ppm of bark extracts (Figures 1 and 2) . Although extracts constituents may stress the plants leading to death but the natural mechanism to combat the stress may assist the plant to survive. Enzymatic and non-enzymatic systems are present for this purpose and non-enzymatic system is more powerful because during stress the excessive reactive oxygen species (ROS) activates the natural defense mechanism. Secondary metabolites, meantime, produce to overcome the cells oxidative stress preventing alarming deadly accumulation of ROS. For this reason phenolics and flavonoids concentrations are analyzed but the varying trends of phenolics and flavonoids may be due to stress caused by the phytotoxic extracts that masked the production of these antioxidative components. The highest phenolic content are also observed in plantlets exposed to bark extracts of C. stocksiana at 100 ppm i.e. 55.1 μg GAE/mg D.W (Figure 3 ) while highest flavonoid content (22.4 μg QE/mg D.W) was observed at 10,000 ppm. In case of O. bracteatum, highest phenolic content was observed by the ones exposed to leaf extracts at 1,000 ppm i.e. 52.4 μg 
Discussion
Phytomedicines are well known for numerous advantages and are considered highly valuable in terms of affectivity against different diseases (Jiang et al., 2006) . Along with these characteristics, they also tend to be effective allelopathic agents. The current study proposed a complete phytotoxic tendency of leaves extract of O. bracteatum and partial allelopathic trend of C. stocksiana. The seed germination inhibition potential might be associated with the presence of allelochemicals that affect germination and growth of plants (Evenari, 1949; Gressel & Holm, 1964) . Khanh, Chung, Xuan, and Tawata (2005) reported that maximum allelopathic suppression may occur when allelochemicals interfere with early growth stages of plant. Although details of the biochemical mechanism through which allelochemicals exert a toxic effect on germination and growth of the respective plants is still unknown (Zhou & Yu, 2006) but dos Santos et al. (2008) suggested that allelochemicals might affect enzymatic activity or cause depolarization of the root cell membrane or lipid peroxidation blocking. The extracts affected germination and weight associated parameters in a concentration dependent manner similar to one observed by Inderjit and Keating (1999) . FG, RG, relative dry weight percent, germination index, fresh weight, and dry weight decreased with increase in concentration of the sample. The variations if fresh weight and dry weight depict that the plants extracts varied water holding capacity of Brassica plantlets. Furthermore it indicates that presence of different concentrations of extracts stress the plants to produce biomass. Previous studies also suggest that the effect of phytotoxins on the plants is species dependent both in biochemical and physiological characteristics (Kobayashi, 2004; Prati & Bossdorf, 2004; Xuan, Shinkichi, Khanh, & Chung, 2005) . Germination inhibition due to allelochemicals is known to be associated to lipid mobilization and low levels of isothiocynates (Baleroni, Ferrarese, Souza, & Ferrarese-Filho, 2000; Petersen, Belz, Walker, & Hurle, 2001 ). The identification of compounds responsible for causing allelopathy is of great interest as it can be used as an effective alternative method for weed control. Allelochemicals mainly function by affecting cell division and elongation or by suppressing enzymes responsible for the movement of nutrients, important for germination (Batlang & Shushu, 2007) . The current focus of agriculture industry is to find a safe and biological solution to reduce foreseen hazardous impacts of herbicides and insecticides (Khanh & Chung, 2004) .
The significant increase in phenolic and flavonoid contents shows varying trend that might be linked to the mediocre point where the effect of phytotoxins get masked. The high phytochemical content can be associated to the stress and to the allelopathic treatment as previous studies depict a strong relation of phenolics and flavonoids with the allelopathic potential (Macías et al., 2008) . The antioxidative evaluation of the plantlets shows that stress increases production of secondary metabolites suggesting that not only medicinal plants can be used as an herbicide but it might also help in the enhancement of plants antioxidative potential. Along with that the phytochemical and antioxidant assays help to identify the nature of allelochemicals involved in causing a specific effect. These effects may be associated to the phenolic, saponins, tannins, alkaloids, or terpenoids present in the extract being used (Einhellig, 1995; Inderjit & Nilsen, 2003) and later help out in isolation of compounds that can be used as potent herbicide with lesser side effects and more effective mode of action in comparison to synthetic ones.
Conclusion
The allelopathic tendency depicted by the crude extract of two plants and their effect on different parameters suggests the isolation of an important compound that can act as potent herbicide for future with lesser side effects to the environment. The phytochemical and antioxidant evaluation of the plantlets also depict that the extract cause oxidative stress leading to cell/plant death. Furthermore, the ROS and oxidative stress are one of the biochemical concerns that govern allelopathic effect.
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